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Specifications /461* 

1. Title of the Invention 

Method for Manufacturing Lined and Reinforced Natural Stone 
Material 

2. Claim (s) 

(1) A method for manufacturing a lined and reinforced natural 
stone material characterized by laminating the backside of an 
ultrathin natural stone material with a fabric containing synthetic 
fibers having an original fiber strength of 5 g/denier or higher, 
applying a corrosion-resistant resin on said polymer, and subsequently 
curing it at 15°C or higher. 

(2) The method for manufacturing a lined and reinforced natural 
stone material of Claim 1 characterized by the synthetic fibers being 
polyester-based fibers. 

(3) The method for manufacturing the lined and reinforced natural 
stone material of Claim 1 characterized by the surface of the lining 
and reinforcing layer of the ultrathin natural stone material being a 
fine uneven face. 

(4) The method for manufacturing the lined and reinforced natural 
stone material of Claim 1 characterized by the ultrathin natural stone 
material being 2 to 5 mm thick. 

3 . Detailed Specifications 



*Number in the margin indicates pagination in the foreign text. 
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(Field of Industrial Utilization) 

The present invention relates to natural stone materials, in 
particular, lined and reinforced ultrathin natural stone materials, 
and in further detail, a method for manufacturing a lined and 
reinforced natural stone material which is useful in the field of 
building materials, such as wall, ceiling and floor materials, and is 
characterized by improving the breaking strength and bending strength 
of stone materials and making a lining reinforcement with a corrosion- 
resistant, high-strength base cloth made of synthetic fibers having 
outstanding adhesiveness to a foundation, such as mortar. 
(Prior Art) 

Generally, as long as they are used in the form of an ultrathin 
plate natural stone materials, such as granite and marble, are 
desirably used as wall, ceiling and floor materials for construction, 
from the standpoint of their lightweight property, work and 
construction efficiency, profitability, etc. However, all sorts of 
lining materials can be used on the backsides of ultrathin natural 
stone materials in order to give them strength, such as bending and 
breaking strength, so that they do not break, crack or get damaged by 
the forces caused by loads or impact upon compression. 

Known reinforcing materials include ® one in which a metal plate 
is drilled with a plurality of holes and adhered to the backside of 
natural stone with an adhesive material (publication- of Tokkai No. 54- 
15318) , ® one in which the outer face of a natural stone plate is 
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covered with resin concrete and then divided into two plates along /462 
the plane of this natural stone plate (publication of Tokkai No, 57- 
1262 6, ® one in which strength is improved by forming holes in a 
stone material and providing a reinforcing material comprising shaped 
steel and concrete inside the holes (publication of Tokkai No. 61- 
57744) , ® one in which a specific epoxy resin with a 100% coefficient 
of extension is used as the reinforcing material (publication of 
Tokkai No. 61-130344) , ® one in which a glass yarn mesh cloth is 
laminated in a resin liquid and cured (publication of Tokkai no. 51- 
48792) , © one in which a stone material is reinforced with an 
inorganic substrate to give it three-dimensionality (publication of 
Tokkai No. 55-161146), and the like; also known is © a method in 
which an approximately 2 to 10 mm thick thin stone veneer strengthened 
by adhering a specific lining material on it (publication of Tokkai 
No. 50-487) . 

(Problems Which the Invention Intends to Solve) 

The reinforcing materials obtained by adhering a metal plate with 
numerous holes drilled in it to the backside of natural stone using an 
adhesive, by covering the outer face of a natural stone material with 
resin concrete and dividing it into two plates along the plane of this 
natural stone material, and by forming holes in a stone material and 
providing a reinforcing material comprising shaped steel and concrete 
in the holes to improve strength had problems from the standpoint of 
lightweight property, work efficiency and profitability. The 
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reinforcing material obtained by using a specific epoxy resin with a 
100% or higher coefficient of extension as a reinforcing material had 
a problem from the standpoint of reinforcing effects and work 
efficiency, and using glass yarn is not preferable in a work 
environment in the case of the reinforcing material obtained by 
laminating and curing a glass yarn mesh cloth in a resin liquid, and 
the reinforcing effects are not sufficient when the reinforcing layer 
is made more lightweight. 

Moreover, the performance in the above method has not been made 
demonstrated, and no satisfactory reinforcing materials for an 
ultrathin natural stone material in terms of lightweight property, 
work efficiency, profitability, and reinforcing effects has been put 
to practical use. 

(Means Used to Solve the Problems) 

As a result of painstaking investigations on the above-mentioned 
reinforcing materials for ultrathin natural stone materials, the 
inventors of the present invention discovered that the lightweight 
property, work efficiency and reinforcing effects could be obtained 
merely by laminating a base cloth made of high- strength synthetic 
fibers and having a specific resin pre-adhered on the backside of a 
natural stone plate, and subsequently immersing it in or coating it 
with a corrosion-resistant resin having outstanding adhesiveness to 
stone materials, base cloths and mortar foundations, which led them to 
completing the present invention. 
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Namely, in the present invention, the desired lined and 
reinforced natural stone material is obtained by pre-curing a fabric 
made of synthetic fibers and having a raw fiber strength of 5 g/denier 
or higher, and preferably, 8 g/denier or higher with an alkali- 
resistant resin, such as an acryl resin or melamine resin, 
subsequently laminating it on the backside of a natural stone 
material, then immersing it in or coating it with an epoxy acrylate 
resin, such as a corrosion-resistant resin, and subsequently curing it 
a normal temperature or higher. 

The method for manufacturing a lined and reinforced natural stone 
material in the present invention is obtained by using a method in 
which the surface of a 2 to 5 mm thick piece of ultrathin natural 
stone material is protected with wax, release paper, or the like, the 
backside is subsequently laminated with a reinforcing, high- strength 
base cloth made of a synthetic resin given a hard finish in advance so 
at least one of its surfaces is flat, after which it is impregnated or 
coated with a corrosion-resistant epoxy acrylate resin and then cured 
at room temperature or higher. 

(Operation) 

The ultrathin natural stone material used in the present 
invention is a piece of granite or marble sliced to a thickness of 2 
to 5 mm, which is thinner than a conventional 10 mm thick natural 
stone material. Moreover, the high-strength synthetic fiber-made 
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fabric is one containing polyester, nylon, aramide, or high- strength 
polyethylene fibers, and the like and the strength of the raw fibers 
is 5 g/denier or higher, and preferably, 8 g/denier or higher. 
Furthermore, the base cloth or fabric should be a knit cloth or woven 
fabric when its shape is to be sheet-like, and textiles using long 
fibers are especially desirable from the standpoint of their 
reinforcing effects. The type of the textile can be either a plain 
fabric, twill, satin, or the like, but a plain fabric (a mesh 
construction) is especially desirable from the standpoint of the 
permeability of the corrosion-resistant resin and the microscopic 
unevenness formability of the surface of the lining and reinforcing 
layer. The basis weight of the reinforcing base cloth or fabric may 
be 5 0 g/m 2 to 50 0 g/m 2 from the standpoint of the lightweight 
property, but 50 to 250 g/m 2 is desirable from the standpoint of the 
lightweight property. And so, high- strength synthetic fibers being 
used can have any given irregular cross section, such as a round or 
triangular cross section. Moreover, the high-strength synthetic 
fibers can be used after making them readily adhesive raw fibers on 
which an epoxy-based compound has been pre-applied in the raw fiber 
manufacturing step. The fineness of the raw fiber is 1 denier or 
higher, and preferably, 5 denier or higher. The raw fibers are /463 
used in the form of multiyarn having a denier of 250 or higher. 

These reinforcing base cloths are used to ensure smoothness when 
laminated on the backside of a natural stone material after removing 
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the oil solution on the raw fibers used for inhibiting adhesiveness. 
In order to prevent mesh shifting of the base cloth, improve the 
reinforcing effects, and enhance the chemical resistance of the base 
cloth fibers, the base cloth is provided after adhering an alkaline- 
resistant resin, such as an acryl-based resin and methylol melamine- 
based resin, on it and curing it in the usual padding, drying and 
curing process. 

The amount of these alkaline-resistant resin adhered is at least 
2%, and preferably, at least 3 to 10% of the weight of the base cloth. 
The alkaline-resistant resins have outstanding chemical resistance to 
acids, alkalis, bleaching agents, gases, organic solvents, all sorts 
of salts, and the like. Normally, saturated and unsaturated polyester 
resins, such as HET acid polyester, bisphenol A polyester, vinyl 
polyester resin (a straight chain resin) or epoxy resin, such as 
glycidyl ether-, glycidyl ester-, glycidyl amine-, linear aliphatic-, 
and alicyclic epoxide-based resin, and the like can be used, but epoxy 
acrylate resin, bisphenol A polyester resin, and the like are 
preferable from the standpoint of their adhesiveness to stone 
materials, reinforcing base cloths, and foundations, such as mortar, 
as well as their reinforcing effects and chemical resistance. In 
particular, epoxy acrylate resins with outstanding corrosion 
resistance sufficiently permeate into and adhere to the stone material 
backside and surface layers and between the reinforcing base cloth 
fibers. In order to obtain satisfactory lining and reinforcing 
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effects, an epoxy resin, such as the compound (I) below, is cured for 
approximately several minutes to one week at least at room temperature 
or higher, such as between 20°C and 180°C / after adjusting the 
viscosity to 500 centipoise (at 20°C) , and preferably, 100 to 300 
centipoise with a vinyl -based monomer, such as a styrene monomer. 
Moreover, the compound (I) is: 



provided that A is 



0 



and B is 

O 

it 

The type and amount of the curing agent and accelerator depends 
on the molding method and the manufacturing and temperature at which 
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the laminate is cured. Various compounds can be used, but usually, 
methyl ethyl ketone peroxide (MEKPO) / cobalt naphthenate- and benzoyl 
peroxide (BPO) /dimethylaniline-based compounds can be used. In 
addition to cobalt naphthenate, cobalt octenoate can be used for the 
accelerator . 

Moreover, in order to accelerate the curing step when the 
temperature is low, such as 15 to 3 0°C, a methyl ethyl ketone peroxide 
(MEKPO) /cobalt naphthenate/dimethylaniline-based compound and the like 
can be used. 

Curing is done at a temperature of room temperature to at most 
18 0°C, but curing at room temperature is the most desirable because 
there is little deterioration in the appearance of the surface of the 
natural stone material or its mechanical properties. 

The amount of the corrosion-resistant resin being adhered depends 
on the thickness, application and the reinforcing base cloth of the 
ultrathin natural stone material being used, but ordinarily 100 to 
1,500 g/m 2 , and preferably, 200 to 1,000 g/m 2 of it is selectively 
used. Also, it is necessary for the corrosion-resistant resin to be 
satisfactory in not only adhesiveness to the stone material and the 
reinforcing base cloth, but also in bondability to a foundation, such 
as mortar, after it is cured. 

For the method for applying the corrosion-resistant resin there 
is ® a method in which the synthetic resin-made base cloth is 
laminated on all or part of the backside of the ultrathin natural 
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stone material, after which it is coated or injected with the 
corrosion-resistant resin, (D a method in which all or part of the 
backside of the ultrathin natural stone material is laminated with the 
synthetic fiber-made base cloth, and then further coated or injected 
with the corrosion-resistant resin and ® a method in which a 
reinforcing plate is made wherein the synthetic fiber-made base cloth 
is impregnated with the corrosion-resistant resin and cured in 
advance, then bonded to the backside of the ultrathin stone material 
with an adhesive, such as a corrosion-resistant resin, but the method 
of application in ® is the most desirable from the standpoint of 
work efficiency, profitability and reinforcing effects. /464 

It is more desirable that the corrosion-resistant resin surface 
be a fine uneven surface than a simple plane structure from the 
standpoint of adhesiveness to a foundation, such as mortar. 

A method for forming a fine uneven surface includes, among other 
methods, ® a method in which the amount of the corrosion-resistant 
resin applied is controlled so that it conforms to the reinforcing 
base cloth, such as one with a mesh construction, ® a method in which 
a fine uneven surface having releasability is cured and then released 
after laminating a plate on the corrosion-resistant resin layer, ® a 
method in which an inorganic material, such as silica sand, with 
satisfactory adhesiveness to mortar is applied to the surface of the 
corrosion-resistant resin layer and subsequently cured, but the method 
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in ® is especially desirable from the standpoint of work efficiency, 
profitability and adhesiveness to mortar. 

Moreover, the surface of the natural stone material is usually 
the 'polished' side and the backside is the 'rough' side. 

While carrying out lining and reinforcement in the present 
invention, it is desirable to provide a releasable protective film, 
such as wax or a release film, on the surface of the natural stone 
material . 

The present invention will be specifically explained below 
according to the practical examples. 
(Practical Example 1) 

One sheet of a mesh textile of 100% lining and reinforcing high- 
strength filaments (warp fibers: 1,000 4 - 192f//3; woof fibers: 1,000 4 
- 192f//3; weave density: 8 fibers/in. x8 fibers/in.; raw fiber 
strength: 8.5 g/denier; cloth tensile strength: 245 kg/3 cm width 
(warp) x 225 kg/3 cm. width (woof); basis weight: 200 g/m 2 ) coated and 
cured with a resin (5% by weight of a methylol melamine resin (Sumitex 
Resin M-3, made by Sumitomo Chemical Co., Ltd.), 3% by weight of an 
acryl resin (Bonkote [transliteration] , made by Teikoku Chemical 
Industries Co., Ltd.), 0.5% by weight of Sumitex Accelerator EX-1 
(made by Sumitomo Chemical Co., Ltd.), and the balance as water) in a 
padding, drying and curing process after desizing and scouring in the 
usual method was laminated on the backside of a piece of granite 1 
(500x400x3 mm) serving as the natural stone material, and then 
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laminated, subsequently coated with 400 g/m 2 of a corrosion-resistant 
resin liquid composition (100 parts by weight of a super corrosion- 
resistant epoxy acrylate resin (Neopole 8250L, made by Japan U-PICA 
Co., Ltd.), 0.5 parts by weight of 6% cobalt naphthenate, 0.01 parts 
by weight of 100% dimethylaniline, and 1.0 parts by weight of 55% 
MEKPO (Permeck N, made by Nippon Jushi K . K . ) ) , cured for three days at 
normal temperature (25°C) , and a lined and reinforced natural stone 
material having a fine uneven surface was obtained on the backside and 
surface (see Figure 1) . 
(Practical Example 2) 

In a lamination order of textile, nonwoven fabric and textile 
again, the backside of the granite used in Practical Example 1 was 
laminated with a plain fabric 5 of 100% high-strength nylon fibers for 
lining and reinforcing use (warp fibers: 1000 4 - 192f; woof fibers: 
1000 4 - 192f; weave density: 20 fibers/in. x 20 fibers/in.; raw fiber 
strength: 12 g/denier; basis weight: 220 g/m 2 ) and a high-strength 
polyester short fiber-made web (thickness: 1 mm; basis weight: 13 0 
g/m 2 ; raw fiber density: 7 g/denier; 5 4 x64 mm cut) that was given a 
hardening finish in advance by using the hardening finish formation 
shown in Practical Example 1, subsequently coated with the corrosion- 
resistant resin composition 3 shown in Practical Example 1 in an 
amount of 150 g/m 2 , subsequently cured for one day at normal 
temperature (25°C) then cured for one day at 60°C, and a lined and 
reinforced natural stone material having a fine uneven surface was 
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obtained on the backside and surface (see Figure 2) . 
(Comparative Example 1) 

Except for the fact that a lining and reinforcing base cloth was 
not used at all, a lined and reinforced natural stone material with a 
flat backside was obtained in the same method as in Practical Example 
1 (see Figure 3) . 
(Comparative Example 2) 

Except for the fact that a polyester short fiber web (thickness: 
1 mm; basis weight: 13 0 g/m 2 ; raw fiber density: 5 g/denier; 5 4 x3 8 mm 
cut) was used for lining and reinforcement, a lined and reinforced 
natural stone material having a backside that is relatively flat was 
obtained in the same method as in Practical Example 1 (see Fig. 4) . 
(Comparative Example 3) 

Except for the fact that a plain fabric of 100% glass 
yarn (basis weight: 200 g/m 2 , warp fiber: 135 TEX, woof fiber: /465 
135 TEX, weave density: 20 fibers/in. x 18 fibers/in.) was used for 
lining and reinforcement, a lined and reinforced natural stone 
material having a backside that is relatively flat was obtained in the 
same method as in Practical Example 1 (see Figure 5) • 

The lined and reinforced granites obtained above were measured 
for a bending and breaking load as well as the breaking load on the 
bond to a mortar foundation (after one month) after an initial 
alkalinity resistance test and cold and heat resistance test, which 
are collectively shown in Table 1. 



14 




As a result of the measurements, a more wide -scale improvement in 
all of the initial values, the bending strength, the durability, and 
the bondability to mortar were seen in Practical Examples 1 and 2 of 
the present invention than in the comparative examples. 

Table 1 
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The test methods in Table 1 will now be explained- The bending 
breaking load of the natural stone was measured (n=3) by carrying out 
a 3 -point bending test using a bending load bar having a 5 mm radius, 
at a 15 cm distance between supporting points after cutting the 
obtained lined and reinforced granite to a size of 5 cm wide x 20 cm 
long. 

For the alkali resistance test, a 5 cm wide x 20 cm long lined 
and reinforced granite stone, which was shown in the above-mentioned 
bending breaking load test, was set aside for 24 hours at 8 0°C under 
circumstances in which only the lining and reinforcing layer was 
immersed in an aqueous caustic soda (5 g/L) solution (pH: 12.5), after 
which the bending breaking load was measured (n=3) . 

In the cold and heat resistance test, the bending breaking load 
of the lined and reinforced granite sample shown in the above- 
mentioned bending breaking load test was repeatedly measured ten times 
alternately at 0°C and 2 hours and 50°C and 1 hour (n=3) . 

The breaking strength of the obtained lined and reinforced 
granite when mortar was bonded to it was measured by cutting the 
granite to a size of 10 cm 2 , setting the backside facing up, adhering 
a ready-mixed mortar (mixture of 4 kg of Adokeep [as transliterated] 
made by Tokuyama Soda and 5 00 cc of water) over it by tamping it with 
a tamping rod. 

After four weeks had passed, an epoxy resin (Quick Mender, made 
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by Konishi Co., Ltd.) was applied to the top and bottom surfaces of 
the lined and reinforced granite/mortar and cured, and the breaking 
strength (kg/cm 2 ) was subsequently measured when the mortar was bonded 
to it by using a Kenken-type tensile tester (n=3) . 
(Advantages of the Invention) 

The lined and reinforced natural stone material manufactured 
according to the present invention has features, such as ® a 
lightweight lined and reinforced natural stone material which has high 
reinforcing effects and outstanding chemical resistance by using a 
super corrosion-resistant resin and high- strength synthetic resin 
fibers, and in particular, a filamentous woven material as the 
reinforcing base cloth; hence, a reinforced natural stone material 
that is outstanding in lightweight property, lining and reinforcing 
effects, and work efficiency, and extremely useful as a construction 
material for walls, ceilings and floors can be obtained profitably, ® 
outstanding adhesiveness is obtained on any foundation, such as a 
stone/reinf orcing base cloth/mortar, by using an epoxy acrylate resin, 
® a high-strength synthetic resin-made filamentous textile is used 
for the reinforcing base cloth; hence, not only are the reinforcing 
effects high, but it is more lightweight which improves the working 
environment more so than in a method in which a glass yarn fabric with 
a high specific gravity is used, ® advantages from improving the 
lining and reinforcing effects and improving the backside flatness and 
work efficiency are obtained by applying the alkaline-resistant resin 
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on the reinforcing base cloth in advance, © the reinforcing effects 
of the ultrathin natural stone material can be controlled arbitrarily 
according to the number of reinforcing base cloths that are laminated 
on it, the direction of lamination, and the amount of the corrosion- 
resistant epoxy acrylate resin applied to it, and © the bondability 
to a foundation, such as mortar (anchoring effect) , is further 
improved by forming a corrosion- resistant resin layer having a /466 
fine unevenness in the fabric structure of the surface of the 
reinforcing base cloth. 
4. Brief Description of the Figures 

The drawings show examples of the lined and reinforced natural 
stone material manufactured according to the present invention and 
examples for comparison. Figure 1 shows a test product in which with 
the lining and reinforcing high- strength synthetic fiber-made base 
cloth is integrated with a corrosion-resistant resin adhesive; Figure 
2 shows a test product in which the lining and reinforcing high- 
strength synthetic fiber-made base cloth shown in Fig. 1 is double- 
layered and a high-strength short fiber-reinforced web is interposed 
between those layers; Figure 3 shows a comparative example in which 
the lining and reinforcing base cloth was omitted from the test 
product; Figure 4 shows a comparative example in which the above- 
mentioned web was added to the test product in Fig. 3; and Figure 5 
shows a comparative example in which a glass yarn-made base cloth was 
laminated on the test product in Fig. 3. 
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1: ultrathin natural stone material (3 mm thick); 2: reinforcing 
mesh textile with 100% high-strength polyester filaments; 3: 
corrosion-resistant resin; 4: plain cloth of 100% high-strength nylon 
filaments for lining and reinforcing; 5: web made of high-strength 
polyester short fibers; 6: lining and reinforcing glass yarn textile 
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Figure 1 



Figure 2 





Figure 3 



Figure 4 
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